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(57) ABSTRACT

A channel map generation method includes: performing a
power spectrum density detection on a plurality of channels
in a frequency band, to generate a first channel map; and
performing a first smoothing operation on the first channel
map by a first window size to generate a second channel
map. The first smoothing operation includes: grouping chan-
nels of the first channel map into a plurality of channel
groups according to the first window size; and according to
the number of good channels or bad channels in each of the
channel group, deciding to retain channel determinations in
the first channel map of the channel group, or re-designating
all the channels of the channel group, so as to generate the
second channel map.

6 Claims, 9 Drawing Sheets
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1
CHANNEL MAP GENERATION METHOD
AND APPARATUS THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a channel selection
mechanism, and more particularly, to a method of determin-
ing a channel map according to power spectrum density
(PSD) and an apparatus thereof.

2. Description of the Prior Art

For a wireless communications system, there are a variety
of interference sources in the air, e.g. the interference from
the background, the interference from electronic device(s),
the interference from the same transmission band, the inter-
ference from adjacent transmission band(s), and/or the inter-
ference from other wireless communications system(s).
Thus, a wireless router or abase station is generally config-
ured to operate in a transmission band with less interference,
to thereby have better transmission efficiency.

For example, PSD is an index used to judge the energy
scale of each band in the view of the spectrum, and can be
used to determine the interference. In general, when the PSD
value of a band is larger, it means that there is data
transmission or interference source in the band. Please refer
to FIG. 1, which shows an example of a conventional power
spectrum density distribution. In FIG. 1, a threshold TH is
used as a criterion for determining whether the PSD of a
channel is too high. When the PSD of a channel exceeds the
threshold TH, the channel will be viewed as a bad channel.
That is, there is an interference source in the channel.
Therefore, the bands with interference can be found through
the power spectrum density detection technique. Next, the
communications system avoids using these bad channels to
improve the communications quality.

However, in order to reduce the cost of hardware, the PSD
detection is usually performed by using the radio-frequency
(RF) circuit of the communications apparatus, which makes
the communications apparatus unable to perform data trans-
mission. In other words, to achieve both of good commu-
nications quality and good transmission efficiency, the PSD
detection has to be performed only in the period that the
communications apparatus does not perform data transmis-
sion. Thus, the number of times of performing PSD detec-
tion is limited due to limited time periods. Besides, since the
interference signals may appear or disappear with time, the
PSD detection result might not exactly reflect the power
spectrum density of the interference signals.

Thus, there is a need for a channel selection method which
allows the PSD detection technique to correctly determine
the bands with interference in a wireless local area network
(WLAN), so as to improve the transmission quality and
transmission rate by avoiding these bands with interference.

SUMMARY OF THE INVENTION

It is therefore one objective of the present invention to
provide a method of determining a channel map according
to the power spectrum density of channels and an apparatus
thereof.

According to an embodiment of the present invention, an
exemplary channel map generation method is disclosed. The
channel map generation method includes the following
steps: performing a power spectrum density detection on a
plurality of channels in a frequency band, to generate a first
channel map; and performing a first smoothing operation on
the first channel map by a first window size to generate a
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second channel map. The first smoothing operation includes:
grouping channels of the first channel map into a plurality of
channel groups according to the first window size; and
according to the number of good channels or bad channels
in each of the channel group, deciding to retain channel
determinations in the first channel map of the channel group,
or re-designating all the channels of the channel group, so as
to generate the second channel map.

According to another embodiment of the present inven-
tion, an exemplary channel map generation apparatus is
disclosed. The channel map generation apparatus includes a
power spectrum density detection circuit and a smoothing
circuit. The power spectrum density detection circuit is
arranged for performing a power spectrum density detection
on a plurality of channels in a frequency band to generate a
first channel map. The smoothing circuit is arranged for
performing a first smoothing operation on the first channel
map by a first window size and accordingly generating a
second channel map, wherein the smoothing includes a
grouping circuit and a channel determining circuit. The
grouping circuit is arranged for grouping channels in the first
channel map into a plurality of channel groups according to
the first window size. The channel determining circuit is
arranged for deciding to retain channel determinations in the
first channel map of the channel group, or re-designating all
the channels of the channel group, according to a number of
good channels or bad channels in each of the channel group,
s0 as to generate the second channel map.

Through the channel selection method and the apparatus
thereof provided by the present invention, the PSD detection
technique can correctly determine the bands with interfer-
ence in a wireless local area network. Therefore, the wireless
communications system using an adaptive hopping mecha-
nism can maintain high transmission quality and high trans-
mission rate by avoiding these bands with interference.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of a conventional power spec-
trum density distribution.

FIG. 2 is a block diagram illustrating a channel map
generation apparatus according to an embodiment of the
present invention.

FIG. 3A shows a power spectrum density distribution in
the real environment.

FIG. 3B shows a power spectrum density distribution
detected by the RF circuit in FIG. 2 in the same real
environment.

FIG. 4 shows a channel map of the power spectrum
density distribution in FIG. 3B.

FIG. 5 shows a second channel map.

FIG. 6 shows a third channel map.

FIG. 7 shows a fourth channel map.

FIG. 8 is a flowchart illustrating a channel selection
method according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Some phrases are referring to specific elements in the
present specification and claims, please notice that the
manufacturer might use different terms to refer to the same
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elements. However, the definition between elements is based
on their functions instead of their names. Further, in the
present specification and claims, the term “comprising” is
open type and should not be viewed as the term “consisted
of.” Besides, the term “electrically coupled” can be referring
to either directly connecting or indirectly connecting
between elements. Thus, if it is described in the below
contents of the present invention that a first device is
electrically coupled to a second device, the first device can
be directly connected to the second device, or indirectly
connected to the second device through other devices or
means.

Please refer to FIG. 2, which is a block diagram illustrat-
ing a channel map generation apparatus 200 according to an
embodiment of the present invention. By way of example,
but not limitation of the present invention, the channel map
generation apparatus 200 may be used in a wireless com-
munications system supporting an adaptive frequency hop-
ping (AFH) mechanism, such as Bluetooth (BT) communi-
cations system. In other words, the channel map generation
apparatus 200 is part of the wireless communications sys-
tem. In this embodiment, the channel map generation appa-
ratus 200 includes a radio-frequency (RF) circuit 210, a
baseband signal processing circuit (e.g., a power spectrum
density detection circuit 220) and a smoothing circuit 230.
The smoothing circuit 230 includes a grouping circuit 240
and a channel determining circuit 250. The RF circuit 210 is
used to receive wireless signals respectively from a plurality
of channels C,-C,, to generate a plurality of received signals
S,-S,~ The power spectrum density detection circuit 220 is
used to calculate a plurality of channel status indices PSD, -
PSD,, respectively corresponding to channels C,-C,,accord-
ing to the received signals S,-S,, thus generating a first
channel map. Then, the smoothing circuit 230 performs a
smoothing operation on the first channel map. In the smooth-
ing circuit 230, the grouping circuit 240 is used to group
channels in the first channel map into a plurality of channel
groups according to a first window size. The channel deter-
mining circuit 250 further refers to the number of good
channels or bad channels in each of the channel group,
deciding to retain channel determinations in the first channel
map of the channel group, or re-designating the channels of
the channel group, so as to generate the second channel map.

Please refer to FIGS. 3A and 3B. FIG. 3A shows an actual
power spectrum density distribution in the real environment.
FIG. 3B shows a power spectrum density distribution
detected by the RF circuit 210 in FIG. 2 in the same real
environment. As can be seen from FIGS. 3A and 3B, since
the RF circuit 210 can merely utilize the spare time between
data transmission and data reception to detect the power
spectrum density, the detected power spectrum density may
be deviated from the actual power spectrum density. The
width of each channel is 1 MHz. The power spectrum
density detection circuit 220 distinguishes between good
channels and bad channels based on a threshold TH. If the
power spectrum density of a channel is higher than the
threshold TH, the channel will be determined as a bad
channel. Otherwise, the channel will be determined as a
good channel.

Please refer to FI1G. 4, which shows a channel map of the
power spectrum density distribution in FIG. 3B. In FIG. 4,
the power spectrum density detection has been performed
and the channel determinations of each channel are gener-
ated, the good/bad tags of the 40 channels from 0 MHz to 40
MHz are shown as a sequence of numbers: 11111-11111-
00111-11100-11000-10011-11111-11111. The number “1”
represents a good channel, and the number “0” represents a
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bad channel. Then, the grouping circuit 240 selects a channel
width for each channel group. In this embodiment, the
channel width for each channel group is selected as 5 MHz,
and the step size of moving the channel selection window is
also 5 MHz. Hence, the 40 channels are grouped into 8
channel groups corresponding to 0-5 MHz, 5-10 MHz,
10-15 MHz, 15-20 MHz, 20-25 MHz, 25-30 MHz, 30-35
MHz and 35-40 MHz, respectively. If presented in a
sequence of numbers, the first to the eighth channel groups
are 11111, 11111, 00111, 11100, 11000, 10011, 11111 and
11111, respectively. The channel determining circuit 250
refers to a number of the good/bad channels in each channel
group to decide whether the channel determinations in the
channel group of the first channel map should be retained, or
good/bad tags of all the channels in the channel group should
be re-designated, to generate the second channel map.

Please refer to FIG. 4 in conjunction with FIG. 5. Con-
sider a case where the channel determining circuit 250 sets
a good channel threshold by 3, and performs the first
smoothing operation. Since there are only 2 good channels
in the fifth channel group (20-25 MHz), the channel deter-
mining circuit 250 will designate all channels in the fifth
channel group as “0”, thus generating the second channel
map as shown in FIG. 5. It can be seen from FIGS. 4 and 5§
that, after the first smoothing operation is done, the twentieth
and twenty-first channels previously determined as good
channels in FIG. 4 are now re-designated as bad channels in
FIG. 5. In this embodiment, the channel width (i.e., the first
window size) of each channel group and the step size of
moving the channel selection window used by the grouping
circuit 240 are identical to each other. However, in other
embodiments of the present invention, the channel width of
each channel group is not required to be identical to the step
size of moving the channel selection window, which will be
discussed later. In this embodiment, the present invention
determines to re-designate good/bad tags of all the channels
in a channel group if the number of good channels in the
channel group is less than a good channel threshold. In other
embodiments, a bad channel threshold may be designed.
Hence, the present invention may determine to re-designate
good/bad tags of all the channels in a channel group if the
number of bad channels in the channel group is more than
the bad channel threshold.

Then, the grouping circuit 240 uses 10 MHz as a second
window size, but still uses 5 MHz as the step size of moving
the channel selection window. In this way, the channels in O
MHz-40 MHz are grouped into 7 channel groups corre-
sponding to 0-10 MHz, 5-15 MHz, 10-20 MHz, 15-25 MHz,
20-30 MHz, 25-35 MHz and 30-40 MHz, respectively. If
presented in a sequence of numbers, the first to the seventh
channel groups are 1111111111, 1111100111, 0011111100,
1110000000, 0000010011, 1001111111 and 1111111111,
respectively. The good channel threshold of the second
smoothing operation is selected as 4 by the channel deter-
mining circuit 250. Because the number of good channels in
the fourth channel group corresponding to 15-25 MHz
(1110000000) and the number of good channels in the fifth
channel group corresponding to 20-30 MHz (0000010011)
are both less than 4, the channel determining circuit 250 will
re-designate all channels in the fourth and fifth channel
groups as “0” to thereby generate a third channel map, as
shown in FIG. 6. The third channel map shows 11111-11111-
00111-00000-00000-00000-11111-11111 from 0 MHz to 40
MHz. It can be seen from FIGS. 5 and 6 that, by means of
the second-round filtering, the sixteenth, seventeenth, eigh-
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teenth, twenty-sixth, twenty-ninth and thirtieth channels
previously determined as good channels are now re-desig-
nated as bad channels.

Then, the grouping circuit 240 uses 20 MHz as a third
window size, but still uses 5 MHz as the step size of moving
the channel selection window. In this way, the channels in 0
MHz-40 MHz are grouped into 5 channel groups corre-
sponding to 0-20 MHz, 5-25 MHz, 10-30 MHz, 15-35 MHz
and 20-40 MHz, respectively. If presented in a sequence of

numbers, the first to the fifth channel groups are
11111111110011100000, 11111001110000000000,
00111000000000000000,  00000000000000011111  and

00000000001111111111, respectively. The good channel
threshold of the third smoothing operation is still selected as
4 by the channel determining circuit 250. Because the
number of good channels in the third channel group corre-
sponding to 10-30 MHz (0011100000000000000) is less
than 4, the channel determining circuit 250 will designate all
channels in the third group as “0”, thus generating a fourth
channel map, as shown in FIG. 7. The fourth channel map
shows 11111-11111-00000-00000-00000-00000-11111-
11111 from 0 MHz to 40 MHz. It can be seen from FIGS.
6 and 7 that, by means of the third-round filtering, the
thirteenth, fourteenth and fifteenth channels are previously
determined as good channels, but are now re-designated as
bad channels.

Please refer to FIGS. 3A, 3B and 7. It can be seen from
FIG. 3 A that the interference signal occurs in the band of 10
MHz-30 MHz, but the power spectrum density distribution
detected by the RF circuit 210 and shown in FIG. 3B does
not correctly reflect the real situation shown in FIG. 3A.
However, as illustrated in FIG. 7, the channel map genera-
tion apparatus 200 can precisely determine channels inter-
fered with noise, e.g. the channels in the window size from
10 MHz to 30 MHz. Therefore, the situation that channel
map generation apparatus 200 assigns channels interfered
with noise as selectable channels in the channel map can be
avoided, thus ensuring the communications quality and
transmission efficiency of the channel map generation appa-
ratus 200. In the aforementioned exemplary embodiment,
the smoothing operation is performed for three times. How-
ever, this is for illustrative purposes only, and the present
invention is not limited thereto. The number of times of
performing the smoothing operation may be increased or
decreased, depending on actual needs. After generates the
final channel map, the wireless communications system may
uses the final channel map to transfer or receive date with
other device.

Please refer to FIG. 8, which is a flowchart illustrating a
channel selection method according to an embodiment of the
present invention. If the result is substantially the same, the
steps are not required to be executed in the exact order
shown in FIG. 8. The exemplary method shown in FIG. 8
may be employed by the channel map generation apparatus
200 in FIG. 2, and may be briefly summarized as follows.

Step 800: Start;

Step 801: Perform a power spectrum density detection on
a plurality of channels in a frequency band to generate a first
channel map;

Step 802: Group channels in the first channel map into a
plurality of channel groups according to a first window size;

Step 803: according to the number of good channels or
bad channels in each of the channel group, decide to retain
channel determinations in the first channel map of the
channel group, or re-designate all the channels of the chan-
nel group, so as to generate a second channel map;
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Step 804: Perform a second smoothing operation on the
second channel map according to a second window size, and
accordingly generate a third channel map, wherein the
second window size is wider than the first window size;

Step 806: Perform a third smoothing operation on the
third channel map according to a third window size, and
accordingly generate a fourth channel map, wherein the third
window size is wider than the second window size;

Step 816: end.

As one skilled in the art can readily understand details of
each step shown in FIG. 8 after reading above paragraphs
directed to the channel map generation apparatus 200,
further description is omitted here for brevity.

In short, the present invention utilizes the spare time
during data transmission and data reception to detect the
power spectrum density (PSD), and performs further filter-
ing on a channel map derived from the PSD detection result
for filtering out channels which are possibly interfered with
interference sources to reflect the real situation. In this way,
high communications quality and transmission efficiency are
achieved.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A channel map generation method, comprising:

performing a power spectrum density detection on a

plurality of channels in a frequency band, to generate a
first channel map;

performing a first smoothing operation on the first channel

map by a first window size to generate a second channel

map, wherein the first smoothing operation comprises:

grouping channels of the first channel map into a
plurality of channel groups according to the first
window size, wherein window sizes of the channel
groups are the same; and

according to the number of good channels or bad
channels in each of the respective channel groups of
the first channel map, deciding to retain channel
determinations in the respective channel group of the
first channel map, or re-designating all the channels
in the respective channel group of the first channel
map, so as to generate the second channel map; and

performing a second smoothing operation on the second

channel map by a second window size and accordingly

generating a third channel map, wherein the second

smoothing operation comprises:

grouping channels of the second channel map into a
plurality of channel groups according to the second
window size, wherein window sizes of the channel
groups of the second channel map are the same; and

according to the number of good channels or bad
channels in each of the respective channel groups of
the second channel map, deciding to retain channel
determinations in the respective channel group of the
second channel map, or re-designating all the chan-
nels in the respective channel group of the second
channel map, so as to generate the third channel map,
wherein the second window size is wider than the
first window size; and

wherein, for each channel group in the first and second

channel maps, re-designating all channels in the respec-
tive channel group as bad channels according to a
number of good channels in the respective channel



2.

US 9,572,114 B2

7

group being less than a good channel threshold or a
number of bad channels in the respective channel group
being more than a bad channel threshold.

The channel map generation method of claim 1, further

comprising:
performing a third smoothing operation on the third

3.

channel map by a third window size and accordingly
generating a fourth channel map, wherein the third
window size is wider than the second window size.
A channel map generation apparatus, comprising:

a power spectrum density detection circuit, arranged for

performing a power spectrum density detection on a
plurality of channels in a frequency band to generate a
first channel map;

smoothing circuit, arranged for performing a first

smoothing operation on the first channel map by a first

window size and accordingly generating a second chan-
nel map, wherein the smoothing circuit comprises:

a grouping circuit, arranged for grouping channels in
the first channel map into a plurality of channel
groups according to the first window size, wherein
window sizes of the channel groups are the same;
and

a channel determining circuit, arranged for deciding to

retain channel determinations in each of the respective
channel groups of the first channel map, or re-desig-
nating all the channels in the respective channel group
of'the first channel map, according to a number of good
channels or bad channels in each of the respective
channel groups of the first channel map, so as to
generate the second channel map;

wherein the smoothing circuit further performs a second

smoothing operation on the second channel map by a

second window size and accordingly generates a third

channel map; and the second smoothing operation

comprises:

grouping channels of the second channel map into a
plurality of channel groups according to the second
window size, wherein window sizes of the channel
groups of the second channel map are the same; and

according to the number of good channels or bad
channels in each of the respective channel groups of
the second channel map, deciding to retain channel
determinations in the respective channel group of the
second channel map, or re-designating all the chan-
nels in the respective channel group of the second
channel map, so as to generate the third channel map,
wherein the second window size is wider than the
first window size; and

wherein the channel determining circuit decides, for each

channel group in the first and second channel maps,
whether to re-designate all channels in the respective
channel group as bad channels according to a number
of good channels in the respective channel group being
less than a good channel threshold or a number of bad
channels in the respective channel group being more
than a bad channel threshold.
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4. The channel map generation apparatus of claim 3,
wherein the smoothing circuit further performs a third
smoothing operation on the third channel map by a third
window size and accordingly generates a fourth channel
map.

5. The channel map generation apparatus of claim 4,
wherein the third window size is wider than the second
window size.

6. A channel map generation apparatus, comprising:

a power spectrum density detection circuit, arranged for
performing a power spectrum density detection on a
plurality of channels in a frequency band to generate a
first channel map;

a smoothing circuit, arranged for performing a first
smoothing operation on the first channel map by a first
window size and accordingly generating a second chan-
nel map, wherein the smoothing circuit comprises:

a grouping circuit, arranged for grouping channels in
the first channel map into a plurality of channel
groups according to the first window size, wherein
window sizes of the channel groups are the same;
and
a channel determining circuit, arranged for deciding to
retain channel determinations in each of the respective
channel groups of the first channel map, or re-desig-
nating all the channels in the respective channel group
of the first channel map, according to a number of good
channels or bad channels in each of the respective
channel groups of the first channel map, so as to
generate the second channel map;
wherein the smoothing circuit further performs a second
smoothing operation on the second channel map by a
second window size and accordingly generates a third
channel map; and the second smoothing operation
comprises:
grouping channels of the second channel map into a
plurality of channel groups according to the second
window size, wherein window sizes of the channel
groups of the second channel map are the same; and

according to the number of good channels or bad
channels in each of the respective channel groups of
the second channel map, deciding to retain channel
determinations in the respective channel group of the
second channel map, or re-designating all the chan-
nels in the respective channel group of the second
channel map, so as to generate the third channel map,
wherein the second window size is wider than the
first window size; and

wherein, for each channel group in the first and second
channel maps, re-designating all channels in the respec-
tive channel group as bad channels according to a
comparison of a number of good channels in the
respective channel group and a good channel threshold
or a comparison of a number of bad channels in the
respective channel group and a bad channel threshold.
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